Abstract. The observational stellar-mass black hole mass distribution exhibits a maximum at about 8 M ⊙ . It can be explained via the details of the massive star evolution, supernova explosions, or consequent black hole evolution. We propose another explanation, connected with an underestimated influence of the relation between the initial stellar mass and the compact remnant mass. We show that an unimodal observational mass distribution of black holes can be produced by a power-law initial mass function and a monotonic "remnant mass versus initial mass" relation.
INTRODUCTION
The stellar-mass black hole mass distribution estimated from several low-mass X-ray binary systems has a maximum at about 8 M ⊙ . It was found by Bailyn et al. (1998) and Cherepashchuk (1998) and recently confirmed with a more reliable statistics (Farr et al. 2011; Petrov et al. 2014) . The gap between this maximum and the observed masses of neutron stars needs to be explained.
The errors on black hole mass estimates are rather large, and the apparent maximum is a subject of debate. However, some explanations for the gap appeared in the literature. Selection effects do not appear to play a role in producing the observed mass distribution (Cherepashchuk 2003) , which may be explained by currently unknown details of the supernova explosions (Timmes et al. 1996) , such as the rapid evaporation of stellar-mass black holes predicted in recent multidimensional models of gravity (Postnov and Cherepashchuk 2003) , the radial loss of matter via stellar wind (Cherepashchuk 2001) , and by other details of binary evolution prior to the supernova (Postnov & Prokhorov 2001; Fryer & Calogera 2001) .
In the present study, we demonstrate that this gap can also be caused by underestimated influence of the relation between the initial mass of the star and the mass of the compact remnant left behind by the supernova. However, many uncertainties in this "remnant mass versus initial stellar mass" relation (hereafter RIR) still remain. The amount of kinetic energy available, how it is transferred to the ejected material, details of the presupernova evolution of massive stars (especially relating to convection and mass loss) and the possible influence of a binary companion are all poorly understood. Discussions on how metallicity and other parameters affect the evolution, stellar core collapse and final fate of massive stars can be found, e.g., in Maeder (1992) , Heger et al. (2003) and Fryer et al. (2012) .
We provide an analytic confirmation that a unimodal mass distribution of black holes can be produced by a power-law initial mass function and a monotonic RIR, consistent with the published data.
METHOD, RESULTS AND DISCUSSION
Let stars be distributed over the mass according to an initial mass function (IMF): f (m) = dN/dm. Taking a power-law IMF with a slope α < −1 and normalizing it to unity, one has:
Here m max and m min are maximum and minimum stellar mass, respectively. The IMF significantly decreases towards higher masses; it means that m α+1 max → 0. The observed distribution of stars over mass (the present-day mass function, PDMF) does not directly gives the IMF because of the effects of stellar evolution. The IMF should be corrected for the history of star formation; however, for highmass stars, the conversion does not depend on the star formation rate due to their small lifetimes.
Therefore, the stellar PDMF can be constructed by multiplying the IMF by the stellar lifetime for a given mass. Stellar lifetimes decrease with increasing mass, so the IMF is flatter than the presently observed stellar mass distribution. However, this is not valid for the black hole PDMF, as virtually all massive stars ever born in the Galaxy contribute to black hole statistics. On the contrary, the less massive the star, the larger is the fraction of such stars which go to the nuclear-burning stages of evolution. It means that the black hole PDMF should not be steeper than the IMF.
We neglect this difference and consider Equation (1) to represent the black hole PDMF. We also ignore the fact that, after a black hole has formed, it can continue to grow by absorbing mass from its surroundings. The goal of this study is to qualitatively demonstrate that the maximum on the observed mass distribution can be produced by a monotonic, power-law IMF.
To calculate the presently observed number of black holes in each mass interval, g(m) = dN/dm r , the PDMF f (m) = dN/dm i should be multiplied by the derivative of the "remnant mass m r versus initial stellar mass m i " relation (RIR):
Transforming Equation (2) into a differential equation:
and adding the boundary condition m r (m Equation (3) is separable, so the solution is:
The observational black hole mass distribution can be approximated by a sine function (see Figure 1 )
where H is the ordinate of the g(m r )'s maximum, and w = m r,max − m r,min (maximum and minimum black hole mass, respectively). After substitution of (1) and (5) into (4) and integrating, one has:
and consequently,
where the coefficient C can be found from (6) and the boundary condition m r (m
To calculate w in (5), we set m r,max and m r,min to be 16 M ⊙ and 2 M ⊙ , respectively. H is calculated normalizing (5) to the total number of objects (N tot = 22) in observational mass distribution from Cherepashchuk (2011) :
For the boundary condition m r (m , Fryer et al. 2012) . Accordingly, we use m min = 20 M ⊙ to normalize the IMF (1). The normalization coefficient k weakly depends on the upper limit. We use a value of 30 M ⊙ for m max , and we have checked that a reasonable change of this value does not vary the result significantly. Finally, we use the Salpeter (1955) value for the IMF index: α = −2.35.
The resulting RIR (7) is presented in Figure 2 together with the results of the theoretical study obtained by Fryer et al. (2012) for two mechanisms of the stellar explosion, namely, fast-convection and delayed-convection explosions (models of solar metallicity are used here and, as Fryer et al. 2012 note, below 30 M ⊙ , metallicity has very little effect on the remnant mass). It can be seen that our result shows a reasonable qualitative agreement with the latter Fryer's et al. mechanism and probably represents a combination of the two.
CONCLUSIONS
We have demonstrated that a power-law initial stellar mass function can lead to a unimodal observational mass distribution of stellar-mass black holes. The maximum at about 8 M ⊙ on the latter function can be caused by the shape of the derivative of the relation between the initial mass of the star and the mass of the compact remnant left behind by the supernova. Similarly, the local stellar luminosity function has the maximum at about M V = 12 mag and decreases toward fainter magnitudes, while the IMF continues to increase there. That maximum is produced by a monotonic mass-luminosity relation.
From the observational black hole mass function and Salpeter initial mass function, we have analytically found a monotonic "remnant mass versus initial mass" relation (RIR), consistent with the already published data. Probably, when statistics of stellar-mass black holes become richer, it can serve as a mechanism for the RIR determination.
It should be noted that our results are valid for the stellar mass range 20 M ⊙ ≤ m ≤ 30 M ⊙ only and can be extended neither to neutron star progenitor masses nor to masses higher than 30 M ⊙ . Also, the effects of mass-loss by massive stars, the envelope stripping or mass accretion onto the black hole in a close binary were not included.
